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NATIONAL: ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PRELIMINARY INVESTIGATION OF PUMPING AND THRUST CHARACTERISTICS OF
FULL-SIZE COOLING-AIR EJECTORS AT SEVERAL
EXHAUST-GAS TEMPERATURES

By W. K. Greathouse

SUMMARY

An experimental investigetion was made to determine the performance
of seven full-gize ejector configuratlions operating over a range of sec-
ondary to primary air-flow rabio from zero to sbout 0.30, at primary
total~ to ambienb-pressure ratios up to 5.0, and at va.rious primary gas
temperatures from 1120° to 3700° R. The tests were performed on &
turbojet-engine and afterburner assembly in an albtitude test chamber.
EjJector-shroud to primery-nozzle-exit diameter retios of 1..048, 1.095,
1.195, and 1.60 were tested with cylindrical-~type ejector shrouds, and
& diemeter retio of 1.10 was itested with a conical-type ejector shroud.
Spacing ratlio was varied fraom 0.213 to 0.810 for the cylindrical ejector
with a diameter ratio of 1.095.

The welght-flow ratio of the cylindrical ejectors increased with
primary ges tempersture in such s manner that the pumping charscteristics
were almost generalized by the c¢orrected welght-flow ratio parameter
(Ws/Wp)'\./TJTp » wWhich epplied especially well for ejectors having a short

shroud length relative to the diameter ratio. Pumping performance of the
conical ejector investigabted did not correlate at variocus primary gas
temperstures on the basis of the corrected weight-flow ratio parameter.

The variation in gross ejector-thrust ratio with the different
levels of afterburning gas temperature was not consistent. Thrust ratio
with afterburning, however, was generally higher than without efterburn-~
ing, but the total veriation for any one ejector configuration did not
exceed 5 percent when compared over e range of corrected welght-flow
ratio at a primary pressure ratio of 5.0.

At very low values of weight-flow ratio, the cylindrical-~type

ejector showed better sir-handling capacity than a conical-type ejector
of the same diemeter and spacing ratio, and this trend was reversed at
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higher flow ratios. The thrust ratio of the cylindrical type was
s8lightly higher than that of the conical-type ejector at the same weight-
flow ratio. Reverse secondary flow was indicated as more likely to
occur with the conical-type ejector.

INTRODUCTION

The air ejector has been established as an effective means of sup-
Plylng cooling alr for sircraft engine installations. Because of the
many variableg which affect ejector performance, there is comnsidersble
need at the present time for experimental ejector test date to aid in
the design and selection of ejector configuretions. References 1 to 4
present ejector-performance data of comical and cylindrical models over
a range of eJector geometry and operating pressure ratio for cold
(5400 R) primayry- and secondary-sixr temperstures. Pumping characteris-
tics of turbojet-engine ejectors (with a 16-in. primary nozzle-exit
diameter) operating at primery ges temperstures from 1260° to 1660° R
and at primary pressure ratios up to only 1.8 are campared in reference
5 with pumping characteristics of geometrically similar l/é-scale model
ejectors operating with cold (540° R) air. A corrected weight-flow
parameter ?Wé/Wb)q/T;7Tp was developed in reference 5, and, by use of

this parameter, & good correlation was cbtalned between the hot and cold
ejector tests for the ejector configurstions that hed short mixing
lengths. Subsequent ejector tests performed on & full-scale afterburning
engine (ref. 6) indicated that the corrected weight-flow ratic parameter
did not correlate engine-ejector and model-ejector pumping characteris-
tics at afterburning gas termperatures and high pressure ratlos.

The NACA Iewls lgborstory is therefore conducting a program to deter-
mine the effects of temperature on both ejector pumplng and thrust char-
acteristics. This phase of the investigation covers the experimental
resulte obtained from tests of full-size ejectors on a turbojet-engine
and afterburner assembly in one of the RACA Lewis altltude test chambers.

Pumping and thrust performance of six cylindrical-type eJectors and
one conical-type elector are presented at primary total- to amblent-
pressure ratios from 1.75 to 5.0 with primary-gas temperatures from 1120°
to 3700° R. These ejector data are presented in terms of secondary to
primsry weight-flow ratio, primary-gas to secondary-air temperature ratio,
and gross ejector thrust to primery nozzle thrust ratio, and are plotted
ag functions of the operational variables, primary pressure ratlo and
pecondaxy pressure ratio. Cross plote of data are made to show how well
the ejector performence weg correlated by the corrected welght-flow ratio
parsmeter (Wé/wb)'“Ts7Tp and to indicate the effects of diameter ratio

and spacing ratio at specific operating conditions.
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Primary nozzle-exit diameters of 21.10 and 15.75 inches were used
with several ejector shrouds to provide diameter ratios of 1.048, 1.095,
1.195, and 1.80 for the six cylindrical ejectors and & dilameter ratio
of 1.10 for the one conical ejector. Spacing ratio varied from 0.213
to 0.810 for the variocus ejectors.

APPARATUS
Test Facllity

Ejector tests of this investigation were performed on an engine-
afterburner assembly installed in an albtitude chamber as shown in fig-
ures 1(a) and (b). The J34-WE-22 turbojet engine and afterburner were
rigidly mounted on & platform that was suspended from the top of the
altitude chamber by means of steel flexure plates. Force was transmitted
from the platform to a thrust-messuring unit calibrated to read the total
thrust force wlth an accuracy of il%rpercent. A more complete descrip-

tion of the engine and altitude test chamber is reported in reference 7.

Afterburner

The afterburner shell (fig. 2(a)) was made of 1/8-inch Inconel
gheet and was 61 inches long. Inconel chamnels on the outside surface
(fig. 2(b)) provided support and served as spaces for the cooling
shroud, which was installed as shown in figure 3. Dimensions of the
afterburner were the same for all ejector configurations, and the pri-
mary nozzle-exit dismeters and half-cone angles are shown in figure 2(a).

Ejector Configurations

A typical cylindrical-ejector shroud is shown in figure 4(a), and
4(b) shows a conical-ejector shroud. These shrouds were slso made of
Inconel and could be coupled to the cooling-shroud afterburner assembly
(fig. 3) by means of & qulck-disconnect, clamped flange joint. Seven
ejector shrouds were attached to the cooling-shroud flange to provide
the following ejector configurations:
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Ejector Type of Diameter | Spacing
configuration eJector ratilo, ratlo,
DS/DP L/D,

A Cylindricel | 1.048 0.445

B Cylindrical | 1.095 .213

c Cylindriceld | 1.095 .408

D Cylindrical | 1.095 .810

B Cylindrical | 1.195 .403

ky Cylindrical | 1.60 .587

G Conilcsal 1.10 .408

Diagrams giving the basic dimensions of each ejector configuration are

shown in figure S.

Also shown is the basic engine configuration used

for calibrating the primary nozzle in terms of mass flow and thrust.

Instrumentation

Primery total and static pressures were measured 20 inches upstream
of the primary nozzle exit (station p) by a water-cooled rake and wall-
ressure teps, respectively. The 12 total-pressure probes on the rake

%fig. 6) were spaced at intervals of equal flow aress.

Secondary total pressure PB
spaced in the secondary flow passage, as indicated in figure 7.

wes measured by 10 probes at stetion s

Axial

location of the Pg probes (station s) was 1/2 inch upstream of the min-

imum secondary-flow area for ejector conflgurations A to E.

For

configuration F the secondary total pressure was measured 1/2 inch up-
stream from the cylindrical portion of the ejector shroud, and for con-
figuration G the measurement was made 1/2 inch upstream of the conical

portion of the ejector shroud (see fig. 5).

Ambient pressure (exhaust

pressure) was taken with four equaelly spaced static tubes located on the

outside lip of the ejector shroud, as shown in figure 4(a).

Static pres-

sures along the ejector shroud were measured by wall statlc taps (fig. 4)
spaced over the entire shroud length.

Primary ges tempersture for nonafterburning operation was measured
by 48 thermocouples at the turbine outlet. With the afterburner in
operation, primery gas temperature was calculated as described in

eppendix B.

Secondary total tempersture was measured with four equally spaced
temperature probes located at station s, as in figure 7.

3162
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Various skin temperatures were measured on the afterburner and
ejector to calculate nozzle thermsl expanslon and to locate hot spots
in the afterburner shell. Engine air flow was calculated in the con-
ventional manner by using measured pressures and temperatures and a
calibrated venturi engine-inlet assembly. Primary-streaem weight flow
was calculated as the sum of engine-inlet alr flow and total fuel flow,
minus calibrated leakasge alr flow. Secondary-ailr flow was measured with
A.S.M.E. standard flat-plate orifices.

PROCEDURE

Ejector geometry was varled over a range of diameter ratio (:I:"rom
1.048 to 1.195) and spacing ratio (from 0.213 to 0.810) by simply
changing the ejector shroud and using the same 21.1-inch-diesmeter pri-
mary nozzle. The large diemeter ratio of 1.60 (configuration F) wes
obtained by using & 15.75-inch primery nozzle.

Operational variables involved were primary total pressure PP 3
secondary total pressure Py, primsry total temperature TP’ secondary
total temperature Ty, primary air flow W,, secondary air flow Wy, and
ambient pressure pg. The variables PP’ ﬁp , and W_ were held nearly
constant for a given test by adjusting engine-inlet pressure, inlet
temperature, engine speed, and afterburner fuel-sir ratio. Then, one
method of performing the test was to set PP/PO by changing py and
varying Wg; to obtain a range of Ws/wp: TP/TS’ and PS/PO’ Another
method wes to set Wy and vary pg %o obtain a range of Pg/py end

Pp/po forlwhich Ty and WS[WP were practically constant.

Each ejJector configuration was Investigated over a range of WS/WP s

Ig/Ts s Pg/pg, end PE/PO at the nominal values of primary ges temper-
atures in table I. ests with zero secondary flow (WS = 0) were per-
formed over a range of pressure ratio for each ejector configuration at
primary gas temperatures of 540° and 1120° R, except for configuration G
which was operated at primary gas temperatures of 1120° and 2200° R with
zero secondary flow.

Thrust was measured for all the ejector tests except when the engine
was windmilling (T, = 540° R). Large ram forces acting on the wind-
milling engine made the measurement of ejector thrust lmpractical.

Calibration of the 2l.l-inch nozzle was made with the ejector removed
(basic engine configuration, fig. 5(a)) at gas temperatures of 1120°,
3000°, and 3700° R to determine flow and thrust coefficients over a range
of pressure ratio. The 15.75-inch nozzle was calibrgted at s gas temper-
ature of 1500° R only.
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Clear unleaded gasoline (H/C of about 0.180) was used as engine fuel
and JP-4 (H/C of about 0.170) was used for afterburner fuel throughout
the investigation.

RESULTS AND DISCUSSION

Pumping and thrust characteristics of a full-size ejector are re-
ported herein as determined from experimental test resulits. The symbols
and various parameters used are defined in appendix A. Thrust and dis-
charge coefficients of the primery nozzles are also presented for use
In calculgtion of net ejector thrust for a specific f£flight plen.

Primary-Nozzle Performence

Results of the primary-nozzle calibrations are shown in figures 8
and 9 along with calculated thrust curves (v = 1.365} for an ideal con-
vergent nozzle and for en ideal nozzle having complete isentropic ex-
pansion. The thrust parameter Fj/poA.p for the 21.l-inch nozzle (fig.

8) was higher at the gas temperature of 1120° R (nonefterburning) than
at gas temperatures of 3000° and 3700° R (with afterburning). This
change in thrust 1s not only a result of the change in gas properties
due to the change in temperature level, but is also a result of various
primery-stream characteristics such as velocity profiles and possibly
ges whirl from the engine associated with dlfferent levels of after-
burner operation.

Primary-nozzle thrust coefficients in figure 10 are the ratio of
meagured thrust to the thrust of an idesl convergent nozzle calculated
ag described in appendix B. The thrust coefficlent of the 2l.l-inch
nozzle for nonafterburning at of 1120° R was sbout 2 percent higher
than with afterburning at TP of 3000° or 3700° R, probebly because of
the previocusly mentioned differences in primery-stream characteristics.
A lower thrust coefficient (about 1 percent lower) was obtalned with the
15.75-inch nozzle than with the 21.l1-inch nozzle. Since the gas temper-
atures (1500° and 1120° R) and operating conditions of the two nozzles
were not radicelly different (both were evaluated at nonafterburning
conditions), the lower thrust coeffilclent can probably be attributed to
the greaster convergence angle of the 15.75-inch nozzle. Disgcharge coef-
ficients for the 21l.1l-inch and 15.75-inch nozzles in figure 11 show
egsentially the same trends as the thrust coefficients in figure 10.
Calculation of the discharge coefficient is presented in appendix B.

Either nozzle coefficients or the nozzle calibretion curves, or both,

can be used to caelculate absclute values of primary gas flow, secondary
alr flow, primery-nozzle thrust, and ejector thrust from the ejector-
performance curves presented hereln.

3162
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Ejector Performsnce

The ejector test data are grouped according to configuration in
figures 12 to 36. Each group (except for configuration F) contains
experimental ejector-performance data at three or more primary gas tem-
peratures. At each primary ges temperature, ejector pumping character-

istics are presented as measured values of weight-flow ratio Ws/wp

against secondary pressure ratio Ps/PO for constent values of primary
pressure ratio Pp/PO‘ Ejector gross-thrust ratio Fe,j[F 3 is plotted
over the range of primary pressure ratio for verious constant values of
welght-flow ratio. EJector-thrust rgtio is the ratio of ejector gross
thrust to the gross thrust of the primary nozzle operating at approxi-
metely the same gas temperature and at the same over-all pressure ratio
without the ejector shroud. The ratio of primary ges temperature to
secondary sir temperature T I, 1s presented in the same mammer as
weight-flow ratio so that the corrected weight-flow ratio parsmeter
(Ws/Wg)-‘/Tsfﬂp cen be determined at any ejector operating condition
investigated.” The minimum weight-flow ratio for afterburning ( from
2000° to 3700° R) conditions was dictated by cooling requiremenllg neceg-
sary to keep the primary nozzle and afterburner skin temperature at a
safe level (1600° F). Values of weight-flow ratio with nonafterburning
(TP = 1120° R) were therefore carried well into the range required with
afterburning in order to allow comparison of the eJector at various
opersting gas temperastures. All ejector configurations were tested with
zero secondary flow (upstresm secordary passage blocked) at the nonafter-
burning temperature, and the resulting secondary pressure ratios and
ejector-thrust ratios are presented herein.

Typical Ejector Characteristics

Pumping characteristics of ejector configuration A in figure 12 show
the usual ejector action for zero-secondary-flow conditions in that sec-
ondery pressure ratlo PS/po wes reduced to a minimum and then increased
approximstely linesrly as primary pressure ratio PP/PO wag increased.
The linear relation between Pg/p; and Pp/PO existed after the primary

Jet expanded to intercept the ejector shroud and formed a stable super-
gonic flow upstresm of any internal shock as described in reference 4.
The area above zero-secondery-flow curves (such as fig. 12) defines com-
binetions of primery and secondary pressure ratios at which the ejector
will operate with scme secondary alr flow. The area below the zero-flow
curve represents operating conditions for which reverse flow would occur
(ref. 5) if the ejector were subjected to such combinations of pressure
ratio. The primery pressure ratio at which secondary flow is exactly
zero for a given pressure ratio across the entire secondary system is
called the "cut-off point”, and the locus of these cut-off points is, of
course, defined by the zero-secondery-flow curve.
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Pumping characteristics of configuration A with secondary flow are
shown in figure 13(a) for the nonafterburning gas temperature of 1120° R,
in figure 13(b) for afterburning gas temperatures from 3000° to 3200° R,
and in figure 13(c) for afterburn gas temperastures from 3600° to
3700° R. The tempersture ratio TB et which the ejector operated is

?hown in figure 14(a) to {c) far the respective parts of figure 13(a) to
c).

Thrust performance of configuretion A is shown in figure lS(a) to
(c) for the three primary gas temperstures previously mentioned. Data
points are not shown becasuse the thrust curves (except for Wé/Wb = 0)

were cross-plotted. The thrust ratio at zero secondary flow (fig. 15(a)
is similar to that of & convergent-divergent nozzle in that rela-

tively large thrust losses resulted from overexpension and shock

losses when the primary ratio was at a certain value (Bp/po of about
1.75 in this case). Overexpansion of the primary streain was effectively
reduced by the addition of secondary flow ?fig. 15(a)) and thus enabled
more of the ideally avallable primary thrust to be recovered. Thrust

was also edded by the secondery mass flow and velocity, and consequently
the gross thrust of the eJector system continuously increased with weight-
flow ratio as shown in filgure 15. It should be noted, however, that net
eJector thrust will not continuocusly incresse with increased weight-flow
ratlo because of the secondary-alr inlet momentum. In other words, at

a fixed flight conditlon, net-thrust ratio will meximize with weight-flow
ratio. T ’ '

Ejector performance deta for configurations B, C, D, and E (figs. 18
through 33) are presented in the same genersl manner as were data for con-
flguration A. BSome ejectors were not tested with a primaery gas temper-
ature of 3700° R (because of excessive nozzle skin temperature), and
therefore performance dats &t a gas temperature of asbout 2000° R are in-
cluded for these configurstions. Configuration F represents a large
disnmeter-ratio ejector such as might exist with g fixed ejector shroud
when the nozzle of an afterburning engine 1s in the closed position.
Tests of thils ejector (figs. 34 to 36) were performed only at the non-
afterburning gas temperature of 1500° R. The secondary pressure ratio
is not presented in figure 34 (configuration F) for values of weight-
flow ratio sbove 0.086 becausge of unreliable secondary-pressure measure-
ments which resulted from supersonic flow and shock in the secondary

passage.

Performence dabe for the one conical ejector investigated (config-
uration G) are presented in figures 37 to 40.

3162
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Effect of Operating Temperatures on Ejector Flow Characteristics

Ejector flow theory (ref. 5) shows that the weight-flow ratio Ws/Wp

of an ejector will increase with increased temperature ratio "LP/TB if

operating pressures P /py and Ps/PO are held ¢onstant. The manner

in which WS/W increases with gg/Ts for a turbojet-engine ejector is
a function of msny secondary variasbles that also change with tempersbture
level (because of the change in engine or afterburner operation necessary
to obtain the temperature level). Some of these secondary variables are
the velocity and temperature gradients across the primery stream and the
gas properties of the primary stream resulting from the addition of
various smounts of fuel. However, the corrected welght-flow ratio

(WS/WP)-\./T;Z% , a8 developed in reference 5, serves as an approximate

parameter to correlate flow charescteristics of an ejector operating at
different temperstures.

In order to compare values of measured weight-flow ratio and also
to Indicate the degree of correlation that can be obtained by use of the
corrected welght-flow ratio, these two parameters are plotted in Tigures
41 to 46 over a range of secondary pressure ratio (parte (a)) and s
range of primary pressure ratio (parts (b)) for the various ejector con-
figurations operating at afterburning and nonasfterburning ges tempera-
tures. At a specific operating pressure ratio, the measured welght-flow
ratio (represented by dashed lines) for all the ejector configurations
increased with an incresse from the nonafterburning gas temperature
(1120° R) to the lowest afterburning ges temperature (about 2000° or
3000° R). For the afterburning range of gas temperature (2000o to
3700° R), measured welght-flow ratio increased with increased gas tem-
perature (except for configurations A and G), but the rate of increase
of welght-flow ratio with tempersture was not as great as for the change
from nonafterburning to afterburning operation. However, configuration
A (the smallest diameter ratio investigated, DS/DP = 1.048) and config-

uration G (the one conical-type ejector tested) showed a decrease in
meagured weight-flow ratlo with an increase in afterburning gas temper-
ature. The curves of figures 41 to 46 thus indicate that measured ejec-
tor weight-flow ratio (for specific operating pressure ratios) is not
only a function of operetling temperature but is also influenced by (1)
changes 1n secondery variables necessary to obtain various operating
temperstures and (2) the geometry of the ejector configuration.

The solid lines 1n figures 41 to 46 show alr-flow characteristics
of the various eJectors 1n terms of corrected welght-flow ratio

(W /W, )+/T./T ., and a camparison of these curves indicates the degree of
s/ "p sl ~p’

correlation obtained by using only a tempersture-ratio correction factor.
A good correlation was obtained for two of the cylindricel ejectors (con-
figuraetion B, fig. 42, and configuration C, fig. 43) in that the corrected
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weight-flow ratio curves grouped together (maximum spread of less than
0.0 (WE/WP)W/TS7T scale units) over the range of operating gas tem-

persture from 11208 to 3200° R. For the cylindrical configurations A

D, and E the corrected weight-flow ratio curves (figs. 41, 44, and 455
gt afterburning temperatures are below the curve for the nondfterburning
temperature, which means that the afterburning datas were essentially
"overcorrected" by the temperature-ratio correction factor 1/T57Tp'

The conical-ejector (configuration G) curves in figure 46 show a much
larger "overcorrection" than occurred for any of the cylindricel-type
ejectors. It can be noted that the measured welght-flow reatio curves

of the conlcal ejector grouped closer than the corrected weight-flow
ratio curves.

To glive an over-all view of how the corrected welght-flow ratio
epplied to cylindrical ejectors of various dlameter and spaclng ratios,
figure 47 is presented as the difference in corrected weight-flow rabtio

W T
A.ﬁﬁ EE that resulted between nonafterburning operation at 1120° R
iY 1%
and afterburning operation at 3000° to 3200° R5 for fixed operating

pressure ratios (P /by = 3.5 and Pg/py = 2.5). It is indicated that

W T

A-ﬁg 2 increased from 0.0005 to 0.008 units as spacing ratio was
b |Tp

c ed fr

0.213 to 0.810 with the diameter ratio constant at 1.095.

For a constant spacing rstio of sbout 0.4, Asﬁg Ts decreased
b

greatly as diameter ratio was changed from 1.048 to 1.095 and increasged
only slightly with a diemeter-ratio change from 1.095 to 1.195. Thus,
for the gas-temperature range (1120° to 3200° R) and operating pressure
ratios (P,/py = 3.5 end Py/pg = 2.5) of figure 47, it appears that air-
flow characteristics were practically generaslized for the cylindrical-
type ejector with a short mixing length relative to the diameter ratlo
(L/Dp of 0.40 or less and DS/DP of 1.10 or greater, configurations B
and C), but were not generalized for the cylindricael ejector having an
L/D, greater than 0.40 (configuration D) or a Dg/D, less than 1.10

(configurstion A).
Effect of Operating Tempersture on Ejector-Thrust Ratio
The effect of operasting temperature on ejector-thrust ratio is pre-
gented in figure 48 for a range of corrected weight-flow ratlo at the

primary pressure ratio of 5.0 (highest Pp/bo investigated). These
curves were cross-plotted from the corresponding thrust date previously

3162
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resented. A higher thrust rabtio at the afterburning temperatures

2000° to 3700° R) than at the nonafterburning temperature (1120° R) is
indicated as a general trend in figure 48 for all the ejector config-
urations when compared at the same corrected weight-flow ratio. For
the afterburning temperature range only, the variation of thrust ratio
with primary gas tempersture is shown to be unsystematic, and pronounced
trends are not apparent because the accuracy of the thrust-measuring

system was only sbout il% percent. It is of interest to note that the
gross-thrust ratio (at a given value of (Wé/Wﬁ)q/TS7TP) of any specific

ejector ¢onfiguration in figure 48 did not vary with gas temperature
more than 0.04 thrust-ratio units (less than 5 percent of engine thrust)
over the range (0.0l to 0.18) of corrected weight-flow ratio presented.

Effect of Geometry on Ejector Performance

Ejector performance is, of course, affected by changes in ejector
geometry because expansion processes of both the primary and secondaxry
streams are affected, as well as The amount of mixing between the two
streams. In order to show the effects of changes in ejector geometry,
a brief eomparison of pumping and thrust characteristics was made for
the various ejector configurations at the nonafterburning gas temper-
atures of 1120° R in figures 49 to 51.

Dismeter ratio. - Changes in diameter ratio at a constant spacing
ratio of about 0.4 showed in figure 49(a) that the ejector with the
largest diesmeter ratio (D /D_ = 1.195) had the best pumping character-
istics for weight-flow ratios of both 0.03 and 0.07 in that the flow
ratios were handled at a lower level of secondary pressure ratio. In
figure 49(a), operational limits (cut-off point)} of the ejectors were
shifted to a higher range of primary pressure ratio with incressed
diemeter ratio as indicated by the zero-secondary-flow curves.

Thrust characteristics of the three ejJectors with spacing ratio of

0.4 in figure 49(b) indicate that the highest thrust ratioc at a weight-
flow ratio of 0.07 was attained by the ejector with the medium diameter

ratio (DS/Dp = 1.095). This effect is likely the result of a more effi-

cient expansion of the primary stream with the diameter ratio of 1.095 at
Wé/Wb of 0.07 than with the other two dismeter ratios. That is, the

expansion ratio of the primery stream is essentially controlled by the
physicel size of the ejector and the amount of secondary flow.

Spacing ratio. - The effects of changes in spacing ratic on ejector
pumping and thrust characteristics at a diameter ratio of 1.095 are shown
in figures 50(a) and (b), respectively. The longest ejector (L/DP = 0.81)
had the best pumping characteristics at the flow ratio Wé/Wﬁ of 0.7, but
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for the lower flow ratio of 0.03 the shortest ejector (L/DP = 0.213) had

a slightly better air-handling capacity (fig. 50(a)) when operating -
above a primary pressure ratio of 3.0. About the same thrust ratio
occurred (fig. 50(b)) at a weight-flow ratio of 0.07 for the short-length
ejector (L/D, = 0.213) and the medium-length ejector (L/D, = 0.408). The
thrust retio of the longest ejector (L/Dp = 0.81) was gbout 2 to 3 per-~
cent lower than for the other two ejectors at the flow ratio of 0.07.

The maximum thrust losses at zero secondary flow (fig. 50(b)) and the
meximum suction pressure (fig. 50(b)) developed by the ejectors with the
dlemeter ratios of 1.095 increased as spacing ratio was increased. This
effect, of course, resulted because the primary Jet expanded to f£ill the
shroud exit of the longer ejector at a primary pressure ratio scmewhat
lower than the primary pressure required to £ill the shroud exit of the
two shorter ejectors. :

3162

.Comperison of cylindrical and conical ejector. -~ Performance of the
one conical-type ejector investigated (configuration G) is compared in
figure 51 with the performance of & cylindrical ejector (configuration C)
having slmost the same diameter ratio and spacing ratio and operating at
the seme nonafterburning ges temperature of 1120° R. The large differ-
ences in pumping characteristics (fig. 51(a)) that occurred with the dif- v
ferent type of ejector can be explained by considering the type of flow
believed to be present in the conical- and cylindrical-type ejector
shrouds at different levels of welght-flow ratio. At a weight-flow ratio
of zero, the primary jet can expand to strike the conical-shroud wall
well upstream of the shroud exit and cause a portion of the primery stream
to be deflected upstream along the shroud wall with a conseguent rise in
secondary pressure. To maintain eguilibrium, the deflected flow is en-
trained by the primary Jet and a continuous circulation is set up. Thus,
the conical ejector is essentiaslly pumping & certain amount of secondary
flow, even though the over-all weight-flow ratio is zero. The circulat-
ing flow should be & function of the conlcal-shroud geonetry and would
probably increase with increassed shroud cone angle. The cylindriecal
shroud (cone angle of zero) would have the least circulation, and & lower
secondary pressure would result as indicated in figure 51(&). At some
low value of weight-flow retio, the circulation within the conical shroud
could be partially ellminated by the presence of a small secondary flow,
and the pumping characterlstics of the conicel and cylindrical ejector
could approach each other as indicated in figure 51(a) at Wé/Wb of 0.0L.

At a sufficiently lerge weight-flow ratio (ws/wp = 0.05, fig. 51(a)), the

circuletion would, of course, be completely stopped and the conical ejec~-
tor could pump the same secondary flow at a lower level of secondary
pressure ratlio than the cylindricel ejector because the exposed shearing
surface of the primary jet is greater for the conical ejector. It can
also be noted from the slope and position of the zero-secondary-flow
curves in figure 51(&) that reverse flow at a given primary pressure R
ratio is more likely to occur with a conicel-elector shroud than with a
cylindrical~ejector shroud.
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The comparison of thrust ratio in figure Sl(b) indicates that the
thrust of the cylindrical ejector was generslly slightly higher than
the thrust of the conical ejector.

Type of Flow Present in Full-Scale Ejector

Wall static-pressure measurements teken along the shroud of the
longest ejector investigated (configuration D} 8t the primary ges tem-
perature of 1120° R are presented in figures 52 to 54 for weight-flow
ratios of 0, 0.031, and 0.112, respectively.

At the weight-flow ratio of zero shown in figure 52, curves a and b
indicate that the primery jet was diffused subsonically to exhaust pres-
sure when the primary pressure ratio was relatively low (PP/po = 1.44

and 1.63). Between the PP/PO of 1.63 (curve b) and 1.72 {curve c),

the primary Jjet completely filled the ejector shroud and repidly changed
to a supersonic type of flow as represented by curve e¢. Curve ¢ shows
that the supersonie primary Jet expanded to strike the shroud wall
slightly downstream of the primary nozzle exit and caused a sharp rise
in wall pressure due to impingement and possibly obligue shock near the
boundary leyer. The second sharp pressure rise ghown in curve c was
indicated as a form of normal shock that occurred from overexpansion of
the core of the primary stream. Downstreem of the normel shock, the
primary stream diffused to almost exhaust pressure before leaving the
ejector shroud. Incressed primary pressure ratios allowed the- normsl
shock to progressively move downstream (curves e to h) until the flow
throughout the entire shroud length became supersonic (curves i and j)
and the internsl sghroud pressures became independent of the external
exhaust pressure.

Wall pressures plotted for & congtant welght-flow ratio of 0.031
in figure 53 show that the relatively small secondery flow somewhst
suppressed an overexpaunsion of the primasry streeam (b‘y forming a semi-~
physical boundary), and thus oblique shock was eliminated and normal
shock occurred farther downstream than for the case of zero secondary
flow in figure 52 at the same primary pressure ratio.

The cylindricel-shroud well pressures in figure 54 indicate that
at the weight-~-flow ratio of 0.112, internal shock in the primery stream
was almost eliminated. Choking of the secondary-flow passage, however,
must have occurred at the minirmum secondary-flow ares because of the
abrupt changes in wall pressure measured Jjust downstream of the minimum
secondary~-flow erea. Supersonic flow and then some sort of shock system
in the secondary passege (fig. 54) occurred near the primary nozzle exit.
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Wall-pressure profiles of figures 52 and 54 thus show that expan-
sion (and hence internal shock) of the primaxy ejector stream can be
essentially controlled . by changes in the ejector weight-flow ratio. The
usefulness of such a control would, of course, be to increase the thrust
avalleble from the primary stream by eliminating some of the overexpan-
sion losses at high pressure ratios.

Application of Data
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The data presented throughout this report are experimentsl and give
the performance of specific full-sgize ejecbor configurations operating
at afterburning and nohafterburning temperature conditions over a range
of mass flow and pressure. EJjectors having flow passages and nozzle
shepes similar to these experimental ejectors should give essentially
the same performsnce st comparable operating conditions. However, ejec-
tors with redicelly different geometries (such as size and shape of
secondary-flow passage and primary nozzle) can glve greatly different
performance even though diemeter ratio and spacing ratio are the same.
It should also be recognized that performance of an engine and ejector
asgembly can change somevwhat if the same ejector is used with ancther p
engine having radically different velocity and temperature profiles at
the engine exhaust nozzle.

Ejector performence in an aircraft installation is controlled by
the scoop, duct, and cooling passage through which the secondary air
must flow. A desirable characteristic of the secondary system is, of
course, to supply only the required secondary flow at the highest pos-
sible secondary total pressure. 8Since the thrust rastio Fejﬁg pre-
gented herein is in terms of gross measured thrust (Jet thrust), the
inlet momentum of the primary and secondary flow must be accounted for
in order to arrive at the value of net thrust for a specific flight
speed..

CONCIUDING REMARKS

An investigation was made to determine the pumping and thrust per-
formence of seven full-gize ejector configurations operating on =
turbojet-engine and afterburner asssembly at a nonafterburning ges temper-
ature (1120° R) and at several afterburning gas temperatures (2000° to
3700° R). The tests were performed over a range of secondary to primary
air-flow ratio from zero to sbout 0.30 at primsry pressure ratios from
1.75 to 5.0. 8ix cylindricel-type ejectors having diameter ratios from .
1.048 to 1.60 and spacing ratios from 0.213 to 0.810 were tested. One
conical-type ejector with & diameter ratio of 1.10 and a spacing ratio
of 0.408 was also tested. -
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The experimental test results of the investigation presented herein
indicate that ejector welght-flow ratio (for specific operating pressure
ratios) is not only & function of operating temperature but 1s also in-
fluenced by secondary factors caused by a change in the mode of opera-
tion fram nonafterburning to afterburning conditions. However, the
corrected weight-flow ratio served to correlate air-flow characteristics
of cylindrical ejectors with short mixing lengths relative to the diam-
eter ratio (spacing ratios € 0.40 and diameter ratios 5 1.10) for the
range of operating gas temperature from 1120° to 3200° R.

The variation in gross-thrust ratio with primary gas tempersature
was not consistent. It was indicated, however, that thrust ratio at a
specific corrected weight-flow ratioc was changed more by changing from
nonafterburning to afterburning conditions than by changing only pri-
maxry gas temperature. The gross ejector-thrust ratio with afterburning
temperatures from 2000° to 3700° R was generelly hlgher than for the
nonafterburning temperature of 1120° R when compared at a primary pres-
sure ratio of 5.0 over a range of corrected weight-flow ratio from 0.0L
to 0.18, but the total variation 4id not exceed 5 percent for any ejec-
tor configuration investigated.

Of the cylindrical ejectors investigeted at a spacing ratio of about
0.4 (diameter ratios of 1.048, 1.095, and 1.195), the ejector with the
largest diameter ratio was Indicated to have the best pumping character-
istics, and the highest thrust ratio was indicated for the ejector with
the medium dismeter ratio.

Changes in spacing (spacing ratios of 0.213, 0.408, and 0.81l) at a
constant diemeter ratio of 1.085 showed that the longest cylindrical
ejector had the best pumping characterigtics at the ejector weight-flow
ratio of 0.07, but at the flow ratlio of 0.03 the shortest ejector had a
slightly better air-handling capacity when operating above the primsry
pressure ratio of 3.0. Gross-thrust ratios of the short and medium
length ejectors (spacing ratios of 0.213 and 0.408) were sbout the same
at a weight-flow ratio of 0.07, but thrust of the long ejector (spacing
ratio of 0.81) was 2 or 3 percent lower than for the two shorter
ejectors.

A cylindrical-~type eJector showed better pumping characteristics
than & conicel-type ejector of the same diameter rablos and spacing
ratios at a very low value of weight-flow ratio (weight—flow ratio below
0.01). This trend was reversed at higher values of weight-flow ratio.
The thrust ratio of the cylindrical-type elector was generally slightly
higher than for the conical-type ejector. Reverse secondary flow was
indicated as more likely to occur with the conical-type ejector.
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Typical ejector wall-pressure profiles showed that increasing
amounts of secondary flow tended to suppress and move downstream the
gshocks indicated in the primery stream. Secondery air served as a semil-
physical boundary which essentially controlled or altered the primsry-
stream expansion process.

lewis Flight Propulsion Laborstory
National Advisory Committee for Aeronautics
Cleveland, Ohio, January 25, 1954

3162
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APPENDIX A

SIMBOLS

The following symbols are used in this report:

.

area, sq ft

Cp primery nozzle discharge coefficient, ratlo of measured mass flow
to isentropic mass flow

primary nozzle thrust coefficlent, ratio of measured Jjet thrust
to thrust available with isentropic flow in convergent nozzle

exit diameter of primary nozzle, in.

exit diameter of ejector shroud, in.

S S N

Jet thrust (gross thrust), 1b

g accelergtion due to gravity, 32.17 ft/ secz

L axial distance between exit planes of primary nozzle and ejector
shroud, in.

P totel pressure, lb/sq £t abs

P static pressure, lb/sq £t abs

R gas constant, 53.4 £t-1b/(1b)(C°R)

T total temperature, °R

v velocity, fb[sec

W weight flow, lb/sec

T ratio of specific heats of gas

Subscripts:

a engine inlet air

c critical flow

cn coniecal nozzle
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lip

0

N O 5

eJector Jet

engine fuel

afterburner fuel

isentropie

engine inlet

primary Jjet

leakage

primary nozzle-exit lip

primary stream or primery nozzle
gecondary stream or ejector nozzle
wall of ejector nozzle

amblient or exhsust conditions

conditions upstream of engine nozzle

conditions at exit of engine nozzle

NACA RM ES4A18

3162
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APPENDIX B

CAICULATION OF PRIMARY GAS TEMPERATURE AND NOZZLE FLOW COEFFICIENTS

The diagram below represents the turbojet engine and the primary-
nozzle assembly:

We1

I
Ty

Wa. —'—"WP :
i
‘/AZ’ 27 Pz
A1y By Py
station p

The primary mass flow WP was the sum of engine air flow Wa, plus
engine fuel flow Wf 1 Plus afterburner fuel flow Wf o minus leakage
flow WZ Primary gas tempersture was calculated for after'burning con~
ditions from measurements taken st station p as

T1-1 r1-1

2
P 2rig  (P\ YL |/P;\T1
T, =T, = e} L (—:E) (—l) - (1)

Wy | R(ry -1)\p Py

The value of 7y, was assumed for a trial calculation of % The cal-

culaetion was repeated using 7Yy based on the value of T from the
previous calculetion, until TP and Ty corresponded at the existing
known fuel-air ratio.

The discharge coefficient of the primary nozzle was calculated from
tests with the ejector shroud removed by using the following:

Co = Measured mass flow
D~ Isentropic mass flow
.
W RT P
Cp = .P_%- P |_Lf | P& (B2)
192 g |Pg RT

W —
13
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where the parameter —BA__ was teken from one-dimensional isentropic-

WA=
Vg-i

flow tables (ref. 8) at known values of T, end Pl/po. The quantity
EPl/pz:l equaled P,/p, for suberitical flow, or [Pl/pz:l equaled

(fl

wasg

the

Y1
Tl'l

+ 1
—E—-) for critical flow. The value Wp was measured, and ']1p

taken as a calculated value at station p.

The thrust coefficient CF of the primary nozzle was calculated as
ratio of measured Jet thrust F 3 to the idesal thrust of a convergent

nozzle Fcn as follows:

IL:-\EI

CF-

txi

cn

where

and

Vs

W
Fcn = (—ji) v for subcritical flow
g i

W
Fop = ('Ei) V, for critical flow

C

W
—éi- = isentropic mass flow

W
(—é) = critical isentroplc mass flow
c

= igsentropic velocity with complete expansion to ambient pressure

Ve = effective isentrdpic velocity of a choked convergent nozzle

Az(Pz - Po)

(%)

c

or Ve=Vc+

3162
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V’c= = critical isentropic velocity

AZ’ Py and p, &are as previcusly defined

The preceding mess flows and velocities were calculated by using one-
dimensional isentropic-flow tables {ref. 8) at the known values of T

and nozzle pressure ratio. P
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TABLE I. - EJECTOR TEST CONDITIONS
Config- |Diameter|Spacing|Primary gss Primary Secondary Messured
uretion| ratio, |ratio, |tempersature,| pressure pressure weight-
D,/D. L/D. ratio, ratio, |flow ratio,
8P P P_/ P_/ W_ /W
P Pg s/ Po s/ "p

1.048 0.445 1120 1.75 to 5.0|0.5 to 6.0| O to 0.29

A 1.048 .445 | 3000 to 3200}1.75 to 5.0jl.1 to S5.0[.04 to .27
1.048 445 |3600 to 3700}2.0 to 5.0 |1.6 to 4.8].14 to .27

1.095 0.213 1120 1.75 to 5.0]0.7 to 7.2| O to 0.25

B 1.095 .213 2000 1.75 to 6.0J1.0 to 7.2}(.02 to .25
1.098 .213 3200 1.75 to 5.0{1.1 to 6.4|.11 to .26

1.095 .213 3600 1.75 to 5.0)2.0 to 6.1}.23 to .25

1.085 0.408 1120 1.75 to 4.510.4 to 7.1} 0 to 0.27

c 1.095 .408 ) 2100 to 2200|1.75 to 5.0|1.0 to 7.5|.06 to .26
1.095 .408 | 3000 to 3200|1.75 to 5.0|L.1 to 6.2}.07 to .25

1.095 .408 3600 2.5 to 3.0 [3.2 to 3.9 .24 only

1.095 0.810 1120 1.75 to 5.0)0.4 to 6.7} O to 0.25

D 1.095 .810 | 3000 to 3100|L.75 to 5.0{1l.1 to 6.0|.10 to .29
1.095 .810 | 36800 to 3700|1L.75 to 5.0|1.5 to 6.5{.17 to .32

1.195 0.403 1120 1.75 to 4.5|0.5 to 6.4| O to 0.24

E 1.185 .403 | 2100 to 2200|1.75 to 6.0} .8 to 6.2{.02 to .25
1.185 .403 | 3050 to 3150(1.75 to 5.0(1.3 to 6.0}.135 to .24

1.195 .403 3600 2.5 to 3.0 |2.7 to 3.1|.18 to .22

F 1.60 0.587 1500 2.0 to 10.0{0.8 to 1.5| O to 0.31
1.10 408 1120 1.75 to 5.0[0.7 to 3.1| O to 0.28

1.10 .408 2200 1.75 to £.0| .8 to 3.1| O to .28

G 1.10 .408 | 3200 to 3400|1L.75 to 5.0|1.0 to 2.4].12 to .30
1.10 .408 3750 2.5 to 4.0 {1.5 to 2.6].26 to .28

291g
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(a) Photogreph.

Figure 1. ~ Full-scele ejector test setup in altitude test chamber.
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/

= ) I__,'—r #—+Linkage to thrust-
l N e Secondary eir, W, measuring it
\ T\CA.8.M.E. orifice
Labyrinth seal
(b) Diegram.

Figure 1. - Concluded. Full-scale ejector test setup in altitude test chamber.

' : ’ 2918 :

¥e

STVFSHE W VDOVN




16 Equqilly spaced
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Ejector copfiguration [Halfecone it
angle, o |diameter, D

A,B,C,D,B,G a° 21.1
] 17° 15.75

(a) Dimensions used for full-scale sjector investigation. (Dimensions in inches.)

Figure 2. -~ Afterburnmer shell.
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(b) Photograph of shell and primary nozzle.

Afterburner shell.

Figure 2. - Concluded.
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Figure 3. - Afterburner and cooling-shroud assembly.
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— Ambient pressurg&_pon"

C-34728

(a) Cylindrical type.

Figure 4. - Bjector shroud.
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(b) Comnical type.

Figure 4. - Concluded.

EJector shroud.
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8tation p

x 0.51

a91¢

10.50

2l1.1

I
1
I
I
|
26.75 fe—]
I

.50
0.50
Station =

(e) Basic engine configuration.

Station p

— 6.9

go

o i

¥0.50 j
[
P
: 16.077 22.1
|

26.75 25.5

21.1

:-—— 20.0 —» ‘

0.50 —|+9.38-»

Station s
(b) Configuration A; diasmeter ratio, 1.048; spacing ratio, 0.445. .

Pigure 5. - Various ejector configurations (dimensions in inches).
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1 | = |
[ ]
| IL'

L

le— —J
0.50 L

Station s|, 1 .

Configuration |[Diameter [Spacing DB L A H
ratio, retio,
- Ds/Dp | L/Dp
B 1.095 0.213 |23.1} 4.5] 6.62|0.58
c 1.095 .408 [23.1]| 8.6[10.72| .58
- D 1.085 .810 |23.1}17.1(18.22] .58

{c) Configurations B, C, and D.
Stetion p ‘ 18.6 —»]
80

1
0.50 740‘53 ,
e 16.0 —» 21.1
25.5
25.

2

]
|
[
I
26.75 [ 200 —
[
|

Lo
0.50 ™I - 8.5

Station s
- (d) Configuration E; diameter ratio, 1.195; spacing ratio, 0.403.

Figure 5. - Continued. Various ejJector configurations (dimensione in inches).
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je— 18.6 —™
Station p
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0.50

|
f
26.75 25.5 - |
_ _ 1
le—— 20.0 —»
I
|

0.50 -9 .25+
Statlion s . -

(e) Configuration F; diesmeter rstio, 1.80; spacing ratio, 0.587.

12.63
Station p N
[ 8°
Jr
9.50 ' ¢ 2.15 7 T
A |
l—— 16,0 —™ 235.2
25.5 | 2.1
I
26.75 p— 20.0 —»
[
ht

0.50"““

Station s 8.6

{f)} Configuration G; diameter ratio, 1.10; spacing ratio, 0.408.

Figure 5. ~ Concluded. Various ejector configuratione (dimensions in inches}.
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CX~-5

25.5" I.D.

Probe

Q fTotal pressure
@ Wwall static

Flgure 6. - Primary-stream Instrumentetion at stetion p. Water-cooled pressure
survey rake located 20 inches upstreem of primary nozzle exit (viewed looking
upstream). (Total-pressure probes are spaced at equal flow ereas.)
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Probe

O Total pressure
O Totel temperature

Figure 7. - Secondary-streem instrumentation et station s (viewed looking

upstream) .
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Thrust parameter, F J/PoAp

5.6
5.2 7 /{'
Calculated thrust, v = 1.365 4 ,4/
Complete isentroplc expension=}" Lr/ 4
Ideal convergent nozzle 7//Z
4.8 : —
X
/7
V4
4.4
7
Thrust performence of 21.l-inch 77
exlt-dismeter nogzle V %
4.0 Ges tempers- Fuel-alr Ratio of specific //
" ture, '.T.‘p, ratio heats of gas, //
OR T A Y
1120 0.010 1.365 7
2200 .039 1.297 78 Measured thrust
3.6 3000 .050 1.272 ’ Tp’
3700 .062 1.255 7, \ oR
N
7 1120
// \ 2200 (Interpoleted)
3.2 7/ N 3000
” 3700
2.8
4,
2.4
y/
2.0
v/
1.8
1.2
.8
1.4 1.8 2.2 2.6 3.0 3.4 3.8 4.2 4.6 5.0

Nozzle pressure ratio, Pp/po

Figure 8. - Thrust pefformance of 2l.}-inch-dismeter conlcal primery nozzle.
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Thrust perameter, F ,j/pOAp

12

11

10

Flgure 9. - Thrust performance of 15.75~inch-diemeter conicel primary norzle.

NACA RM ES54A18

4
Calculated thrust, v m 1.354 r/ J
Complete isentropic expension ~ , /
Ideal convergent nozzle
N y i ;// /
L/
A/
L/ ) / \— Measured thrust
/7
777
V%7,
V,
4
'/
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Y/
Z
/,
%4
/4
y/i
/
V’
/
’I
/
Vi
/
2 3 4 8§ 1 7 8 9 10 11

Nozzle pressure ratio, Pp/Po

15009 R; fuel-sir ratio, 0.015; ratioc of specific heats of gas, 1.337.

QGas temperature,

pis) B
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.96
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1.00
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.
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n

1.00

Thrust coefficlent, Cp

©
@

.92

1.00

.96

.92

o] I. ol © Oo-d -1
)
¢a) 21.1-Inch nozzle; primary ges temperature, 1120° R.
Qlﬁ- Y Q o)
é
(b) 21.1-Inch nozzle; primary gas temperature, 3000° R.
4
(c) 21.1-Inch nozzle; primary ges temperature, 3700° R.
L™ )
q d [+]
2 3 4 5 ] 7 8 9 10

Nozzle pressure ratio, Pp/po
(d) 15.75-Inch nozzle; primary gas temperature, 1500° R.

Figure 10. - Thrusi coefficient of conical primsry nozzles.
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1.00

.96

.92

1.00

1.00

Discharge coefficient, Cp

.96

.92

1.00

.92

<SNREDER NACA RM ES54A18

{a) 21.1-Inch nozzle; primary gas temperature, 1120° R.

(b) 21.1-Inch nozzle; primary gas temperature, 3000° R.

(c} 21.1-Inch nozzle; primary gas temperature, 3700° R.

- AN

3 4 >3 B T 8 ]
Rozzle pressure ratio, Pp/po

(3) 15.75-Inch norzle; primary gas temperature, 1500° R.
Figure 11. - Dischsrge coefficient of conical pri_mry noxrles.
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Secondary pressure ratio, Ph/fb

SN
Primary gas
temperature,
TP, °R
- a] 520
(o] 1120
1.2
//
1.0 =
.8
. A
4
1 2 3 4

Primaery pressure ratio, Pp/PO

Figure 12. - EJector pumping character-

istics of configuration A at zero
secondary flow. Diameter ratio,
1.048; spacing ratio, 0.445.
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Figure 135. - Continued. Effect of rimary and secondary pressure ratio on ejector weight-flow ratlo for
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1.048; specing retio, 0.445.
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Ws /Ts
Py W T = Corrected weight-flow ratioc at nonafter-
P P burning temperature of 1120° R

minus Corrected weight-flow ratio at after-
burning temperature of 3000° to 3200° R

L/D

Configuration [Diameter {Spacing| T
ratio, | ratic,|A W—B T—s
P D

Dy/D, | L/Dy
A 1.048 | 0.445 0.017
B 1.095 .213 .0005
c 1.095 .408 .001
D 1.095 .810 .008
E 1.195 .408 .004

Figure 47. - Effect of diameter ratio and spacing ratio on degree of correlation
of cylindrical-ejector air-flow characteristics obteined with the corrected
weight-flow parameter. Primatry pressure rdtlo, 3.5; secondary pressure ratio,
2.5. ’
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Figure 48. - Gross-thrust ratio of ejector configurations with verious
primery ges temperatures at primary pressure ratio of 5.0.
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Figure 48. - Continued. Gross~thrust ratic of ejector configurations with various
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Figure 49. - Comparison of ejector characteristices for three
eylindrical ejectors having approximately the same specing
ratio of 0.4 at dismeter ratios of 1.048, 1.095, and 1.1S5.
Primary gas temperature, 1120° R.
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Figure 49. - Concluded. Comparison of ejector
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1.095, and 1.195. Primary ges temperature,
1120° R.



124 F NACA RM E54A18

2.4 SpacinJ ratJé
L/DP
0.408 .217.81
2.2
/
VA
2.0 L/A/ ) .408
4 7 [
[/
VAR5
t /' /
& 1.6 l /
o /1A
Ay / J$
) y [/ }
;é » j{ / T Weightw:/l;; ratio,
[N 2/ - o
§ V f /Lfi — - .07
E o1 A ,/ / I -0
. yamrs
E /// /J'/
=]
§ 1.0 | = A A8
\\\.'T \f /.215
\ i >
.8 ™ i/
\ Yv 44\.%5
.81‘ -408
" \ //
\ B
4 \
.2
1 2 3 4 5

Primery pressure ratio, Pp/PO
(e) Pumping characteristics.

Figure 50. - Comparison of ejector charecteristicas for three
cylindrical ejectors having the same diameter ratio of
1.095 at spacing ratios of 0.213, 0.408, and 0.810. Primary
gas temperature, 1120° R.
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Figure 50. - Concluded. Comparison of eJector

characteristics for three cylindrical ejectors
having the same dismeter ratio of 1.095 at
spacing ratios of 0.213, 0.408, and 0.810.
Primary ges temperature, 1120° R.
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Figure 51. - Comparison of cylindrical- and conicsl-ejector characteristics at
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1120° R; spacing ratio, 0.408.
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Figure 51. -~ Concluded. Comparison of cylindrical-
and conical-eJector characteristics at approxi-
mately the same diameter ratio and spacing ratio.
Primary gas temperature, 1120° R; spacing ratio,
0.408.
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